INTRODUCTION
Obstructive sleep apnea (OSA) is a prevalent sleep disorder, affecting up to 15% of the population. 1 If left untreated, OSA has potentially severe health consequences, such as cognitive impairment, 2 cardiovascular disease, 3 diabetes, 4 and early mortality. 5 Unfortunately, treatment options for OSA remain limited. Although continuous positive airway pressure (CPAP) is effective when used, 6 much of its benefits go unrealized in practice because of low adherence. 7 Other treatment options, such as oral appliances and upper airway surgery, only partially reduce OSA severity and produce frequent side effects. 8, 9 In addition, the effects of these treatments on the health consequences of OSA are not well established. 8, 9 The possible utility of exercise training in the management of OSA has not been thoroughly investigated despite intriguing 
EFFECTS OF EXERCISE TRAINING ON OSA AND SLEEP QUALITY

Randomization
Following baseline, participants were randomly allocated to exercise and stretching control treatments by a 3:2 ratio, respectively. Randomization was stratified by sex and screening AHI (15-30 or > 30) in blocks of 5, using a computer-generated randomization list (SAS v. 9.2, SAS Institute, Cary, NC). Treatment allocations were prepared by an individual otherwise unaffiliated with the study and placed in sealed opaque envelopes.
Although participants could not be blinded to their treatment, both programs were presented as active treatments. To assess treatment expectancy, participants completed a brief questionnaire following randomization that queried expected changes in OSA severity, sleep quality, daytime sleepiness, mood, and overall health, using 5-point Likert scales (1: much worse; 5: much better). In addition, participants were asked to rate their satisfaction with their randomized treatment (1: very dissatisfied; 5: very satisfied).
Treatments
Exercise training
Individuals assigned to the exercise training treatment met 4 times per week for 12 weeks. All exercise sessions were supervised by staff trained in exercise physiology. To limit the risk of injury, the exercise dose was gradually increased during the initial 4 weeks of training. For weeks 5-12, exercise dose was 150 min/week of aerobic exercise distributed over 4 sessions per week, followed on 2 days per week by resistance exercise consisting of 2 sets of 10-12 repetitions for 8 different exercises. The exercise dose was chosen to comply with public health physical activity recommendations. 23 Aerobic training intensity was 60% of heart rate reserve (HRR), considered to be moderate intensity, 24 and was continuously monitored with heart rate telemetry (FS2, Polar Electro Oy, Kempele, Finland). Each aerobic exercise session began with a 5-min warm-up and ended with a 5-min cool-down, which was not included in the prescribed duration. Treadmill exercise was the primary aerobic activity, though elliptical or bicycle ergometer exercise was permitted when necessary (e.g., when participants experienced lower leg soreness).
Resistance exercise, performed twice per week on nonconsecutive days, included shoulder press, lat pulldown, leg extension/leg flexion (alternated between sessions), chest press, upright row, leg press, bicep curls/triceps extension (alternated between sessions), and abdominal crunches. Resistance was increased when 12 repetitions could be performed on the second set with proper form.
Stretching control
Participants assigned to the stretching control treatment met 2 times per week for 12 weeks for supervised flexibility training sessions. At each visit, participants performed 2 sets of 12-15 stretches, each held for 15-30 s, which focused on whole body flexibility. Although no change in OSA severity was expected from this intervention, it was chosen to reduce the potential confound of interpersonal interaction on study outcomes.
Sleep Measures
Laboratory polysomnography
Single-night laboratory PSG (Alice 5, Philips Respironics, Murrysville, PA) was performed at screening, baseline, The primary purpose of this investigation was to examine the efficacy of a 12-week moderate-intensity exercise training program for reducing the severity of OSA in currently untreated adults. A secondary purpose of the study was to determine whether exercise training improved subjective and objective sleep. Finally, we explored possible mechanisms by which exercise training may reduce OSA severity, namely via changes in body weight, respiratory muscle strength, sleep quality, and lung function.
METHODS
Participants
Adults ages 18-55 years with at least moderate-severity OSA (AHI ≥ 15 at screening) who were overweight/obese (body mass index ≥ 25), sedentary (< 2 exercise sessions/week), at stable (> 3 mo) medication doses (e.g., antihypertensives, antidepressants), not currently being treated for OSA and not actively attempting to lose weight were eligible for participation. Exclusion criteria included known or suspected significant cardiovascular, pulmonary, or metabolic disease; uncontrolled hypertension (> 159/99 mm Hg); pregnancy; and inability to exercise due to orthopedic or musculoskeletal problems.
Recruitment, Screening, and Timeline
Individuals were recruited from local sleep clinics and from the general population via media advertisements. Following an initial phone screen, individuals were mailed additional screening materials, including the Berlin Questionnaire. 22 Individuals who were previously diagnosed with OSA or classified as "high risk" for OSA based on the Berlin Questionnaire and otherwise eligible were invited to the laboratory to further review the protocol. At the conclusion of the visit, participants provided written informed consent approved by the Institutional Review Boards of the University of South Carolina and the WJB Dorn VA Medical Center. Participants were then scheduled for one night of laboratory polysomnography (PSG) to further screen for OSA. Individuals with a screening AHI ≥ 15 were enrolled in the study.
Prior to baseline assessment, participants were required to meet with the study team on 2 occasions to become familiar with the research facility, practice study procedures, and view a presentation on OSA (prevalence, pathophysiology, established treatment options). The primary purposes for these "run-in" visits were to educate the participants on OSA and to establish whether the participants were committed to participating in the study.
Individuals who completed the run-in visits were scheduled for 3 baseline assessments, which took place over a 7-10 day period. The assessments were conducted on separate days and consisted of: (1) a single night of laboratory PSG; (2) a laboratory assessment, in which body composition, pulmonary function, and respiratory muscle strength were assessed; (3) a physiciansupervised graded exercise test to screen for possible adverse responses to exercise. Throughout this period, participants continuously wore a wrist actigraph to monitor sleep at home.
Once baseline assessments were complete, participants were randomized to either a 12-week exercise training or stretching control treatment. Following completion of the intervention , participants completed the same assessments as at baseline following a day without exercise. Participants were compensated $300 for completion of the study. Exercise Training and OSA Severity-Kline et al
Additional Measures
Assessment of lifestyle activity and eating habits Participants were asked to maintain their normal lifestyle activity patterns and eating habits throughout the study. To monitor unsupervised activity, participants wore a piezoelectric pedometer (NL-1000, New Lifestyles Inc., Lees Summit, MO) from baseline through the end of post-intervention assessment. Participants removed the pedometer during the supervised activity sessions. The NL-1000 recorded daily steps and time spent in moderate-to vigorous-intensity activity (MVPA), 29 and data were organized into 2-week bins for analysis.
Dietary habits were evaluated with the Rapid Eating Assessment for Participants-Short Version (REAP-S) 30 at baseline and post-intervention. With the 13-item REAP-S, participants were asked to indicate how frequently they skipped breakfast, ate at restaurants, and ate various categories of food (e.g., processed meats, fried foods) using 3 response options (1 = rarely/never, 2 = sometimes, 3 = usually/often). The total score was derived by summing the scores of the 13 items.
Assessment of potential mediators of exercise training
Changes in body composition, pulmonary function, and respiratory muscle strength were explored as possible mediators between exercise training and improvement in AHI. These measures were taken in the morning following an overnight fast at baseline and within 5 days of completion of the 12-week intervention.
Body composition: Height and weight were measured to the nearest 0.5 cm and 0.1 kg using a wall-mounted stadiometer and calibrated physician weight scale, respectively. Neck, chest, waist, and hip circumference measurements were obtained using standardized procedures 24 ; the average of 3 measurements was retained. Total body dual energy x-ray absorptiometry (DXA; Lunar Prodigy, GE Medical Systems, Madison, WI) measured body fat percentage (BF %), lean tissue mass (LTM), and fat mass (FM). Whole-body values were obtained as well as by region (i.e., arms, trunk, legs). A single technician conducted and analyzed all DXA scans. Quality assurance tests and phantom scans were performed prior to all measurement sessions. Because one participant exceeded the weight limit for the DXA, data from 42 participants were included for analysis.
Pulmonary function: Pulmonary function testing was conducted with a portable spirometer (Wizard, MicroMedical, Kent, UK) using standardized procedures. 31 Maximal inspiratory and expiratory maneuvers were performed 3 times; averages of values obtained from the 3 inspiratory and expiratory flow-volume loops were used for analysis. Variables retained for analysis included forced vital capacity (FVC), forced expiratory volume in 1 s (FEV 1.0 ), peak inspiratory flow (PIF), and peak expiratory flow (PEF).
Respiratory muscle strength: Maximum static inspiratory (MIP) and expiratory (MEP) mouth pressures served as markers of respiratory muscle strength. 32 MIP and MEP assessments were performed with respiratory pressure gauges (VacuMed, Ventura, CA) while seated with nasal clips. Assessments of MIP and MEP were obtained using standardized procedures, 32 with the highest pressures developed over 3 consecutive efforts recorded. Respiratory muscle strength was calculated as (MIP+MEP)/2. Assessment of respiratory muscle strength was not possible due to equipment malfunction for one participant and post-intervention. Participants were prepared for recording with a standard PSG montage 25 that included F4/M1, C4/ M1, O4/M1 electroencephalograms (EEG), bilateral electroculograms, submentalis electromyogram (EMG), thoracic and abdominal respiratory inductance plethysmography, modified lead II electrocardiogram, body position sensor, and single-leg tibialis anterior EMG. Airflow was monitored with an oronasal thermistor and nasal cannula pressure transducer, and arterial oxyhemoglobin saturation (SpO 2 ) was assessed with finger pulse oximetry (LNOP DCI, Masimo, Irvine, CA). Time in bed was fixed at 8 h and initiated according to the participant's usual bedtime.
Sleep stage scoring was performed according to standard criteria 25 by one registered PSG technician blinded to treatment assignment. An apnea was defined as ≥ 90% airflow reduction for ≥ 10 s, and a hypopnea was defined as ≥ 30% reduction in airflow accompanied by ≥ 4% desaturation from baseline. An arousal was defined as ≥ 3-s increase in EEG frequency following ≥ 10 s of stable sleep, accompanied by an increase in submentalis EMG activity for ≥ 1 s during REM sleep. The AHI was calculated as the number of apneas and hypopneas per hour of sleep, and was summarized by body position and sleep stage. The arousal index was calculated as the number of arousals per hour of sleep, and the oxygen desaturation index (ODI) was calculated as the number of SpO 2 drops ≥ 4% per hour of sleep.
Objective home sleep
For approximately 7 days at baseline and again at post-intervention, participants wore an Actiwatch Spectrum actigraph (Philips Respironics, Bend, OR) on the non-dominant wrist to monitor home sleep/wake status. Participants wore the same actigraph at baseline and post-intervention. Participants were instructed to press an event marker to denote bedtime and outof-bed time and at the initiation and end of daytime naps. Following data retrieval, individual records were inspected and edited (e.g., to set event markings as the start and end of rest intervals). Sleep/wake status was estimated with the Actiware software algorithm 26 (v. 5.59.0015; Philips Respironics, Bend, OR) set to medium-threshold for wake detection and 5 immobile minutes for sleep onset and end. 27 Sleep onset latency (SOL), total sleep time (TST), wakefulness after sleep onset (WASO), and sleep efficiency (SE) were obtained for analysis. In addition, a fragmentation index, a measurement of movement and restlessness, was calculated by the software algorithm. Due to an allergic skin reaction to the Actiwatch for one participant, 42 participants provided data for analysis. Values were averaged across all baseline and post-intervention nights for analyses.
Subjective sleep quality
The Pittsburgh Sleep Quality Index (PSQI) 28 was administered at baseline and post-intervention prior to laboratory PSG to assess subjective sleep quality over the previous 2 weeks. Seven component scores were generated: sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction. A global score between 0-21 was calculated from summing the subscale scores. Global scores > 5 have been considered to be indicative of poor sleep quality. 28 Baseline differences between treatments were evaluated with χ 2 tests and independent t-tests. Adherence to the intervention was compared between treatments using independent t-tests by the percentage attendance to scheduled sessions. Pedometer-assessed activity was evaluated for between-treatment differences and change over time using SAS PROC MIXED. The primary outcome of interest, change in AHI, was evaluated by analysis of covariance on post-intervention AHI values with control for baseline AHI values. To assess clinical significance, participants who completed the intervention were categorized as experiencing treatment "success" and/or "response" based on definitions previously used for evaluating the efficacy of surgical treatment for OSA, with between-treatment comparisons made with Fisher exact tests. Treatment success was defined as a post-intervention AHI < 20 and reduction ≥ 50% from baseline, whereas treatment response was defined as ≥ 20% reduction in AHI from baseline. 33 Changes in secondary outcomes (e.g., objective sleep variables, PSQI score) and potential mediator variables (e.g., anthropometrics, respiratory muscle strength) were evaluated in an identical fashion to that of AHI. When significant between-group differences were found for any of these variables, paired t-tests examined whether significant changes occurred within the exercise training group. Effect sizes (Hedges' g) were calculated for all variables by dividing the difference between the baseline and post-intervention changes in the treatment and control treatments by the pooled baseline standard deviation. 34 By convention, effect sizes of g = 0.2, g = 0.5, and g = 0.8 were considered small, medium, and large in magnitude, respectively. In addition, the change in prevalence of poor subjective sleep (i.e., PSQI global > 5) 28 between treatments was assessed with a Fisher exact test.
Variables that could explain the reduction in OSA severity following exercise training were evaluated for mediation using MacKinnon's product of coefficients test. 35 Pre-specified potential mediators included stage N3 sleep %, body weight, trunk BF%, trunk total mass, respiratory muscle strength, PEF, and PIF. Using the complete sample (N = 43), each potential mediator was tested in a single mediator model, which included: (1) estimating the effect of the intervention on the potential mediator (i.e., α coefficient) by regressing the potential mediator's post-intervention value on the intervention treatment while controlling for the potential mediator's baseline value; (2) estimating the effect of changes in the potential mediator on changes in AHI (i.e., β coefficient) by regressing post-intervention AHI on the potential mediator's post-intervention value, controlling for treatment, baseline AHI, and the potential mediator's baseline value; and (3) calculating the product of coefficients by multiplying the α and β coefficients. Coefficients were obtained through linear regression models using SAS PROC GLM. Asymmetric confidence limits based on the distribution of the product of the α and β coefficients were created using the PRODCLIN program 36 ; confidence intervals that did not include zero indicated a statistically significant mediation effect.
RESULTS
Participant Characteristics
A summary of participant flow is provided in Figure 1 . Of the 43 participants randomized to treatment, 5 discontinued participation before completion of the study at an average of 4.6 who subsequently discontinued the study. Data for the remaining 42 participants were utilized for analysis.
Statistical Power
Anticipated changes in AHI, the primary outcome of interest, were based on published research at the time of study design. 12, 13 Statistical power was 83% to detect a change in AHI from 27.3 to 17.7 following exercise training, assuming a baseline standard deviation of 10 and no AHI change in the control treatment, with a total of 40 participants randomized in a 3:2 fashion. The unbalanced treatment allocation allowed for similar power as a balanced allocation (i.e., n = 20 for each treatment would have provided 84% power), but a more thorough investigation into the possible benefits of exercise training. Assuming an attrition rate of 20%, 48 individuals were targeted for enrollment. With 37 participants completing the study (i.e., 21 exercise, 16 control), we had 80% power to detect the anticipated changes in AHI.
Statistical Analysis
Analyses were based on an intent-to-treat plan. In the case of dropouts, the last observation was carried forward for analysis. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). Unless otherwise specified, data are presented as mean ± standard error. All tests were 2-tailed, with statistical significance set at P < 0.05. (n = 14) who completed the stretching program attended 86.9% ± 2.0% of their prescribed sessions, which was a signifi cantly lower rate of attendance than the exercise training participants who completed treatment (t 36 = −2.30, P = 0.03). Figure 2 provides a summary of changes in lifestyle activity and dietary habits. Pedometer activity did not change over the course of the 12-week study between treatments, as no signifi cant treatment, time, or treatment × time interaction effects were noted for daily step counts or for daily time spent in MVPA. Dietary habits, as assessed by the REAP-S, did not change between treatments over the course of the study. ± 0.2 weeks into the intervention. Reported reasons for study withdrawal were not directly study-related (e.g., relocation, underlying health condition). No adverse responses to either activity program were reported, though 4 participants in the exercise training group needed to switch from the treadmill to the recumbent bicycle for aerobic training due to the temporary development of shin splints.
Participant characteristics are summarized in Table 1 . No between-treatment differences for any of the baseline participant characteristics were observed. Twenty-four of the 43 participants had been previously diagnosed with OSA, and 17 of those 24 had previously been treated but had since voluntarily discontinued treatment. Thirteen had previously discontinued CPAP use, 3 had undergone unsuccessful upper airway surgery, and 1 participant had discontinued oral appliance use.
Expectations and Adherence
There were no statistically signifi cant differences between treatments regarding expectations for improvement in OSA severity or overall sleep quality. However, participants allocated to the exercise training treatment expressed slightly greater satisfaction with their treatment allocation compared to control (exercise: 4.6 ± 0.2, stretching: 4.0 ± 0.3; t 41 = −2.12, P = 0.04).
Exercise training participants attended 87.0% ± 3.7% of the prescribed sessions, completing 81.7% ± 4.3% of the prescribed 12-week aerobic dose at 64.4% ± 2.3% of HRR, and completing 77.5% ± 4.6% of the prescribed 12-week resistance dose. Stretching participants attended 79.7% ± 5.2% of their prescribed sessions. Adherence, defi ned as rate of attendance, did not differ between the 2 treatments.
Exercise training participants who completed the 12-week intervention (n = 24) attended 93.1% ± 1.7% of the prescribed sessions. They completed 88.6% ± 2.1% of the prescribed aerobic activity dose at 63.3% ± 2.2% of HRR, and completed 84.4% ± 2.9% of the prescribed resistance training dose. Participants ments from pre-to post-intervention assessment. The number of apneas per hour of sleep were signifi cantly reduced following exercise training relative to control (F 1,40 = 10.34, P < 0.01), whereas no change between treatments was found in the number of hypopneas per hour of sleep (Table 2) . A summary of changes in other markers of OSA is provided in Table 2 . A signifi cant reduction in ODI following exercise training relative to control was discovered (F 1,40 = 5.05, P = 0.03), though the ODI improvement was not signifi cant when considering only exercise training participants (t 26 = 1.56, P = 0.13). No between-treatment changes were found for minimum SpO 2 or the percentage of TST with SpO 2 < 90%. Table 2 provides a summary of the changes in PSG-measured objective sleep. Exercise training produced minimal PSG sleep improvements compared with the stretching control treatment. Small to moderate effects (g = 0.14-0.58) were noted for measures of sleep that were not statistically signifi cant. Only the percentage of TST spent in stage N3 sleep was signifi cantly changed following exercise training relative to control (F 1,40 = 5.75, P = 0.02), and this effect was not signifi cant when considering only exercise training participants (t 26 = −0.38, P = 0.71).
Exercise Training and Objective Sleep
Exercise Training and OSA Severity
Between-treatment changes in AHI are summarized in Figure 3 . Compared with the stretching control treatment, exercise training resulted in a signifi cant reduction in AHI (F 1,40 = 9.54, P < 0.01). On average, AHI was reduced by 7.6 ± 2.5 following exercise training, whereas AHI increased 4.5 ± 2.4 following stretching treatment (F 1,41 = 10.45, P < 0.01). When restricted to exercise training participants only, the post-training reduction in AHI was found to be statistically signifi cant (t 26 = 3.03, P < 0.01). Treatment success (i.e., postintervention AHI < 20 and reduction ≥ 50% from baseline) was noted in 25% and 7% of exercise training and stretching treatment participants, respectively (Fisher exact test, P = 0.23). Treatment response (≥ 20% AHI reduction) was documented in 63% and 21% of the exercise training and stretching treatment participants, respectively (Fisher exact test, P = 0.02).
Signifi cantly greater reductions in AHI were found for both NREM and REM sleep following exercise vs. control (NREM: Changes in actigraphic sleep are summarized in Table 3 . Compared with the stretching control treatment, exercise training resulted in significant improvements in SOL (F 1,39 = 10.70, P < 0.01), SE (F 1,39 = 5.08, P = 0.03), and the fragmentation index (F 1,39 = 4.41, P = 0.04). When considering only exercise training participants, significant improvements were noted for SOL (t 26 = 2.21, P = 0.04) and SE (t 26 = -2.19, P = 0.04), but not for the fragmentation index (t 26 = 2.22, P = 0.34). Table 3 provides a summary of changes in subjective sleep quality. Of the participants with poor sleep at baseline, a greater proportion of exercise training participants were found to have good sleep quality at post-intervention compared to control (Fisher exact test, P = 0.02). Significantly greater reductions in PSQI global score (F 1,40 = 8.38, P = 0.01), as well as subscale scores of sleep quality (F 1,40 = 4.42, P = 0.04), sleep latency (F 1,40 = 6.04, P = 0.02), and sleep disturbances (F 1,40 = 7.83, P < 0.01), were found following exercise training compared to the control treatment. When considering only exercise training participants, significant improvements were noted for the PSQI global score (t 26 = 2.68, P = 0.01) and sleep quality subscale (t 26 = 3.86, P < 0.01), but not for the sleep latency (t 26 = 1.15, P = 0.26) or sleep disturbance subscales (t 26 = 1.80, P = 0.08).
Exercise Training and Subjective Sleep Quality
Mediators of OSA Improvements by Exercise Training
A summary of the changes in the proposed mediators by which exercise training could reduce AHI is provided in Table 4 . Exercise training resulted in no significant change in body weight (exercise change: −0.9 ± 0.6 kg; stretching change: −0.6 ± 0.5 kg) or circumference measures, but a significant reduction in total body fat percentage relative to control was noted (F 1,39 = 8.85, P < 0.01). Exercise training resulted in a 1.1% ± 0.3% reduction in body fat, whereas the stretching intervention resulted in a 0.2% ± 0.3% gain in body fat. Likewise, exercise training failed to significantly improve All data are presented as mean (standard error). Figure 3 summarizes change in AHI. N1-N3, NREM sleep stages 1-3, respectively; ODI, oxygen desaturation index; SpO 2 , arterial oxygen saturation; SE, sleep efficiency; SOL, sleep onset latency; TST, total sleep time; WASO, wakefulness after sleep onset. g indicates Hedges' g effect size measure. *Statistically significant difference between treatments at post-intervention following control for baseline values (P < 0.05). volumes. Improvements in actigraphic and subjective sleep parameters were likewise noted following exercise training.
Previous research that documented the potential efficacy of exercise training for improving OSA had been limited by small sample sizes (N ≤ 20) [12] [13] [14] [15] 37 and/or uncontrolled research designs. 12, 13, 37 The current study, which is the largest randomized trial to date on this topic, documented a reduction in AHI that was similar to other studies in which minimal weight loss occurred. 12, 14 Although other studies have also documented similar or superior reductions of AHI following intensive lifestyle interventions which included exercise training, 12, 38, 39 the dietary interventions (and subsequent greater weight loss) in those trials made it difficult to separate the effects of diet-induced weight loss from exercise training per se.
The lack of robust reduction in other markers of OSA severity noted in this study is also consistent with previous research, as studies have rarely reported significant improvements in SpO 2 measures following exercise training. [12] [13] [14] [37] [38] [39] While only 25% of individuals who completed the exercise training intervention experienced treatment success (i.e., post-intervention AHI < 20 and reduction ≥ 50%), 63% experienced an AHI reduction ≥ 20%. Thus, when evaluated as a standalone treatment for OSA, the efficacy of exercise training seems to be lower than oral appliance use or multilevel surgery, but similar to other surgical treatments 40, 41 and approximately equivalent to a 10% reduction in body weight. 42 However, it is worth noting that the present data suggest a chronic effect of exercise training, with the post-intervention AHI reduction occurring following a day of non-exercise. In contrast, even one night of non-use of CPAP and oral appliances results in a return of AHI to near pretreatment levels. 7, 40 None of the variables that were explored to explain how exercise training may reduce AHI were found to be significant mediators. It is possible that there was insufficient statistical power to detect significant mediation or that the mediators chosen were either incorrect or lacked sensitivity. To determine how exercise training reduces AHI, it will likely be necessary to include more specific mechanistic assessments, such as measurement of upper airway size and collapsibility, 43 ,44 measurement of nasal resistance, 45 assessment of changes in Table 5 provides a summary of the mediation pathway analyses. None of the proposed variables were successful at explaining how exercise training may reduce AHI.
DISCUSSION
The primary purpose of this study was to examine the efficacy of exercise training for reducing the severity of OSA. Compared to stretching control, exercise training resulted in moderate improvements in AHI and ODI. The improvement in AHI was attained despite a lack of change in body weight and was not found to be significantly mediated by exercise-induced changes in stage N3 sleep, respiratory muscle strength, or lung All data are presented as mean (standard error). FEV 1.0 , forced expiratory volume in 1 s; FVC, forced vital capacity; MEP, maximum expiratory pressure; MIP, maximum inspiratory pressure; PEF, peak expiratory flow; PIF, peak inspiratory flow. *Statistically significant difference between treatments at post-intervention following control for baseline values (P < 0.05). Data are expressed as coefficient (standard error). All mediation analyses were performed using the complete sample (N = 43). N3, NREM sleep stage 3; PEF, peak expiratory flow; PIF, peak inspiratory flow. *Statistically significant effect (P < 0.05).
upper airway dilator activity 46 and strength/fatigability, 47 and evaluation of lung volume alterations during sleep. 48 The improvements in PSG sleep that were observed in the present study are generally consistent with previous research, as significant improvements in PSG-measured sleep have rarely been noted following exercise training in populations with or without OSA. 49 Although robust improvements in PSG-measured TST, SE, and arousals have been noted following exercise training in one study of adults with OSA, 13 others have found no change in PSG sleep 12, 14 or only selected improvements. 37 To our knowledge, the improvements in actigraphic and subjective sleep, which in some respects are preferred because they estimate sleep in the home setting over multiple nights, have not been previously documented following exercise in this population. However, these improvements have not been uncommon following exercise training in individuals with sleep complaints unrelated to OSA. 49 One of the main limitations of the study was the single night of laboratory PSG performed at pre-and post-intervention, which likely introduced additional variability in measures of OSA severity. 50 A lack of snoring measurement was a further limitation. Snoring has been associated with adverse cardiovascular health outcomes independent of OSA, 51 and anecdotally, bed partners of many participants reported robust decreases in snoring following exercise training.
Like most adults treated for OSA, many participants in the present study had either failed to adhere to traditional treatments or experienced treatment failure. Therefore, even moderately efficacious effects, such as what was found for exercise training, would be more beneficial than lack of treatment. When considering that exercise training may also alleviate many of the health consequences of OSA, a case can be made for the potential utility of exercise in the management of OSA. Additionally, these findings provide evidence that exercise training may be a desirable first trial of treatment before progression to more invasive measures.
It has been suggested that individuals with OSA may have a difficult time adhering to an exercise training program. Although the excessive sleepiness associated with OSA has been hypothesized to contribute to the disinclination to exercise, 52 CPAP therapy has not been shown to increase activity patterns, even after sleepiness has been reduced. 53 We found that, using a carefully progressed supervised exercise intervention, participant adherence was excellent, and most participants reported intentions to continue exercising following completion of the supervised intervention. However, the participants were self-selected and thus may have had higher motivation to exercise than may be expected in the general population. Future research should evaluate whether exercise under less controlled conditions still produces a significant reduction in OSA severity.
In conclusion, this study found that exercise training resulted in a modest reduction in AHI despite minimal change in body weight. Moderate improvements in objective and subjective sleep quality also occurred following exercise training. The results suggest that exercise training exerts a significant effect on OSA severity and sleep quality, and that exercise training may provide benefit for the management of OSA beyond that of solely facilitating weight loss.
